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Description

Cross-Reference to Related Applications

[0001] This Non-Provisional Patent Application claims
the benefit of the filing date of U.S. Provisional Patent
Application Serial Number 62/481,853, filed April 5, 2017.

Background

[0002] The present disclosure relates to sizing cathe-
ters for determining the size and other physical param-
eters of an internal orifice or lumen, such as an artery,
vein, pulmonary trunk or aorta, to provide a physician
with information relating to size and/or other parameters
of the internal lumen for use in selecting an appropriate
prosthetic device, such as a prosthetic heart valve.
[0003] It is important to select an appropriately config-
ured prosthetic heart valve because if the prosthetic heart
valve does not fit properly, the prosthetic heart valve may
migrate, leak or cause other problems. In order to select
an appropriately sized prosthetic heart valve, the size,
shape, topography, compliance and other physical pa-
rameters of a vessel lumen are often assessed. In some
circumstances, an exhaustive image collection and im-
age measurements are required to be analyzed for se-
lecting a stented prosthetic heart valve configured to fit
a patient’s particular anatomy. Obtaining such images
via a magnetic resonance angiogram (MRA) or computed
tomography (CT scan) or the like requires a substantial
amount of time and expense.
[0004] Various devices are also available for internally
determining the size and other physical parameters of
an internal orifice or lumen. Such devices can include an
expandable member, such as a balloon, capable of ex-
panding to contact tissue and collect information relating
to physical parameters of the tissue proximate the ex-
pandable member.
[0005] The present disclosure addresses problems
and limitations associated with the related art.
[0006] US 2013/0172989 A1 discloses a device for
measuring an expanded internal orifice of a patient. WO
2014/179775 A1 discloses systems and methods for
measuring and characterizing interior surfaces of luminal
structures. US 2014/0107768 A1 discloses a sizing de-
vice for a collapsible prosthetic heart valve. US
2013/0123694 A1 discloses a method for measuring a
balloon expansion profile in vivo.

Summary

[0007] As indicated above, it is important to select an
appropriately configured prosthetic heart valve because
if the prosthetic heart valve does not fit properly, it may
migrate, leak or cause other problems. In order to select
an appropriately sized prosthetic heart valve, the size,
shape, topography, compliance and other physical pa-
rameters of a vessel lumen are assessed. Certain ex-

pandable members, such as balloons, used for conduct-
ing such an assessment of a patient’s anatomy have their
drawbacks. For example, it has been observed by the
present inventors that balloons, for example, straighten
out and deform to the anatomy as they are expanded.
An additional drawback is that balloons block the flow of
blood, which can cause patients distress and can alter
physiologic function, which provides inaccurate results.
Aspects of the disclosure address these limitations.
[0008] According to the present invention there is pro-
vided a sizing catheter assembly having a handle assem-
bly and a catheter assembly extending from the handle
assembly. The sizing catheter is arranged and configured
for transluminal access by well-known techniques for as-
sessing a patient’s vasculature from an artery or vein, for
example. The catheter assembly includes at least one
catheter as well as a distal sizer positioned on a distal
end of the catheter and a proximal sizer positioned on
the catheter and adjustably spaced from the distal sizer.
Each of the distal and proximal sizers are configured to
deploy to conform to respective portions of a lumen of a
patient’s anatomy, such as a pulmonary trunk, for exam-
ple. The sizing catheter is configured to determine first
and second dimensions of the lumen at a selected dis-
tance between the distal and proximal sizers. The prox-
imal and distal sizers can take a variety of forms. Option-
ally, one or more of the proximal and distal sizers can
include a valve structure. Moreover, the sizing catheter
can optionally include a temporary prosthetic valve po-
sitioned on the catheter.
[0009] Aspects of the disclosure which are not part of
the present invention also include methods of sizing a
lumen of a patient’s anatomy for selecting an appropri-
ately sized prosthesis. Methods can include providing a
sizing catheter, delivering the sizing catheter to a target
site within the lumen; and determining dimensions of the
lumen with the distal and proximal sizers including a di-
ameter of the lumen proximate the distal and proximal
sizers and also determining a distance between the distal
and proximal sizers. Based on information obtained from
the sizing catheter, the method can include selecting a
prosthetic valve based on the sensed or measured di-
mensions and/or other sensed or measured lumen prop-
erties. Once the appropriate prosthetic valve is selected,
the prosthetic valve can be delivered and deployed with
an appropriate delivery device.
[0010] Additional aspects of the disclosure which are
not part of the present invention include methods and
software for: 1) automatic patient screening; and/or 2)
pre-operative planning of a stented prosthesis. In such
methods, images of the anatomy and/or anatomy size
measurements are made available or otherwise inputted
to the software for modeling and automatic virtual device
fit testing of one or more potential prosthetic devices.
Anatomy size measurements can be obtained with any
of the disclosed sizing catheter assemblies, for example.
In various embodiments, the software includes a biome-
chanical interaction module that is programmed to predict
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and evaluate the biomechanical interaction between the
device and the host anatomy.
[0011] Although much of the present disclosure is in
relation to applications directed toward heart valve as-
sessment. It will be understood, in view of the disclosure,
that the disclosed embodiments can be adapted and ap-
plied for use in other vessel lumens and orifices of the
human body.

Brief Description of the Drawings

[0012]

FIG. 1A is an antero-posterior/cranial view of a pul-
monary trunk.

FIG. 1B is a left lateral view of the pulmonary trunk
of FIG. 1A.

FIG. 2 is a partially transparent view of a stented
prosthesis deployed within the pulmonary trunk of
FIGS. 1A-1B.

FIG. 3 schematically illustrates a plurality of stented
prostheses having a variety of configurations.

FIG. 4A is a schematic illustration of a sizing catheter
having a proximal sizer, distal sizer and temporary
valve in a delivery configuration positioned within the
pulmonary trunk.

FIG. 4B is a schematic illustration of the sizing cath-
eter of FIG. 4A; wherein the proximal sizer, the distal
sizer and the temporary valve are in a deployed con-
figuration positioned within the pulmonary trunk.

FIG. 5A is a partially transparent side view of the
temporary valve of FIGS. 4A-4B.

FIG. 5B is a partial, top view of the temporary valve
of FIG. 5A.

FIG. 5C is a partially transparent side view of the
temporary valve of FIGS. 5A-5B.

FIG. 6 is a perspective view of an alternate sizer that
can be used with the sizing catheter of FIGS. 4A-4B.

FIG. 7A is a perspective view of an alternate catheter
assembly in a delivery configuration that can be used
with the sizing catheter of FIGS. 4A-4B.

FIG. 7B is a perspective view of the catheter assem-
bly of FIG. 7A in which a proximal sizer is deployed
to a first position.

FIG. 7C is a perspective view of the catheter assem-
bly of FIGS. 7A-7B in which a distal sizer is further

deployed to a first position.

FIG. 7D is a perspective view of the catheter assem-
bly of FIGS. 7A-7C in which the proximal sizer is
deployed to a second position.

FIG. 7E is a perspective view of the catheter assem-
bly of FIGS. 7A-7D in which the distal sizer is also
deployed to a second position.

FIG. 8 is a flow diagram of one method of the disclo-
sure.

FIG. 9A is a representative example of a 3D image
of a patient’s anatomy.

FIG. 9B illustrates an auto-segmented image of FIG.
9A.

FIG. 9C illustrates the anatomy and a centerline plot-
ted in the auto-segmented image of FIG. 9B.

FIG. 9D illustrates the anatomy and centerline of
FIG. 9C having been dilated.

FIG. 9E illustrates a range of prosthesis ("device")
positions.

FIG. 9F illustrates a range of device axis orientations.

FIG. 10 illustrates various position conditions with
respect to the device and anatomy.

FIGS. 11(a)-11(b) illustrate a determination of fit
scores.

FIG. 12 illustrates an example of one device both
pre and post implantation within a patient’s anatomy
(shown as translucent for clarity).

FIGS. 13(a)-13(b) schematically illustrate pre and
post implant configurations of both the device and
the anatomy, which are predicted and modeled with
the software and method of FIG. 8.

Detailed Description

[0013] Specific embodiments of the present disclosure
are now described with reference to the figures, wherein
like reference numbers indicate identical or functionally
similar elements. The terms "distal" and "proximal" are
used in the following description with respect to a position
or direction relative to the treating clinician. "Distal" or
"distally" are a position distant from or in a direction away
from the clinician. "Proximal" and "proximally" are a po-
sition near or in a direction toward the clinician.
[0014] The sizing of a bodily orifice in which a prosthetic
device (e.g., a transcatheter prosthetic heart valve) is to

3 4 



EP 3 606 425 B1

4

5

10

15

20

25

30

35

40

45

50

55

be implanted is typically desired. A properly sized pros-
thetic heart valve is important to prevent migration of the
prosthetic heart valve or embolization, prevent paraval-
vular leakage, prevent excessive hemodynamic loads
from poor apposition, prevent compression on leaflets of
the prosthetic heart valve and also to prevent tissue ero-
sion, for example. Some sizing procedure embodiments
require a collection of images and/or image measure-
ments to determine an appropriate prosthetic heart valve
suitable to fit the patient’s anatomy. FIGS. 1A-1B include
example images of a pulmonary trunk 10 and illustrate
various measurements that can be obtained to assess
useful physical parameters of the anatomy. For example,
useful measurements can include cross-sectional meas-
urements such as diameter or perimeter at a sub-valve
A, supra-valve B, pre-bifurcation C, mid-valve D between
A and B, mid-trunk E between B and C and also at the
right ventricular outflow tract RVOT, for example. In ad-
dition, obtaining length measurements can also be ben-
eficial including an overall MPA length C-RVOT, sub-
valve A to supra valve length B and supra-valve B to pre-
bifurcation length C, for example.
[0015] After obtaining measurements regarding pa-
rameters of the anatomy of interest, an appropriate pros-
thetic heart valve can be selected such that the prosthetic
heart valve provides adequate outward force, stability
and sealing when implanted. In addition, the prosthetic
heart valve can be selected to have various inflow and
outflow end lengths and shapes, as appropriate, to suit
the particular characteristics of the anatomy. See, for ex-
ample, FIG. 2, which illustrates a stented prosthetic heart
valve 20a, which is adequately configured and implanted
within the particular pulmonary trunk 10. See also, FIG.
3, which illustrates additional non-limiting examples of
other prosthetic heart valves 20b-j having different con-
figurations suitable for different anatomical variations.
[0016] As indicated herein, stented prostheses may
assume a wide variety of configurations. Stented pros-
theses can include, for example, stented prosthetic heart
valves ("prosthetic valves"), such as a bioprosthetic heart
valve having tissue leaflets or a synthetic heart valve hav-
ing polymeric, metallic or tissue-engineered leaflets, and
can be specifically configured for replacing valves of the
human heart. The stented prostheses of the present dis-
closure may be self-expandable, balloon expandable
and/or mechanically expandable or combinations there-
of. In general terms, the prosthetic valves of the present
disclosure include a stent or stent frame having an inter-
nal lumen maintaining a valve structure (tissue or syn-
thetic), with the stent frame having a normal, expanded
condition or arrangement and collapsible to a com-
pressed condition or arrangement for loading within a
transcatheter prosthetic valve delivery device. For exam-
ple, the stents or stent frames are support structures that
comprise a number of struts or wire segments arranged
relative to each other to provide a desired compressibility
and strength to the prosthetic valve. The struts or wire
segments are arranged such that they are capable of

self-transitioning from, or being forced from, a com-
pressed or collapsed arrangement to a normal, radially
expanded arrangement. The struts or wire segments can
be formed from a shape memory material, such as a nick-
el titanium alloy (e.g., nitinol). The stent frame can be
laser-cut from a single piece of material, or can be as-
sembled from a number of discrete components.
[0017] A schematic illustration of one sizing catheter
device or "lumen sizing device" 30 that can be used to
determine size and/or other shape parameters of a bodily
lumen (e.g., the pulmonary trunk 10) is illustrated in FIGS.
4A-4B. The sizing catheter device 30 is arranged and
configured for transluminal access by well-known tech-
niques for assessing a patient’s vasculature from a fem-
oral vein or artery, for example. In one embodiment, the
catheter assembly 30 is configured to be tracked over a
previously inserted guide wire (not shown) for delivery to
the target site 10. The sizing catheter device 30 includes
a handle assembly 32 interconnected to a catheter as-
sembly 34. The catheter assembly 34 includes one or
more catheters 36 supporting proximal and distal sizers
38, 40, which are spaced apart along a length of the one
or more catheters 36. In alternate embodiments, addi-
tional sizers can be provided (e.g., five sizers, ten sizers
or more). In some embodiments, the most proximal and
most distal sizers 38, 40 are spaced approximately 5 to
100 mm apart. In some embodiments, the most proximal
and most distal sizers 38, 40 are spaced about 25 to
about 55 mm apart. The spacing between the most prox-
imal and most distal sizers 38, 40 might correspond to
the length of the prosthetic heart valve that is intended
to be implanted. In some embodiments, the sizers 38, 40
are connected to the catheter assembly 34 with one or
more flexible elongate members 42, 44 extending to and
controlled via the handle assembly 32 or the like to deploy
the respective sizer 38, 40 (flexible elongate members
42 are generally referenced, see, FIG. 4B). Each sizer
38, 40 is arranged and configured to determine dimen-
sions of the bodily lumen 10 in which the sizer 38, 40 is
inserted. Therefore, in some embodiments, each sizer
38, 40 includes a flexible ring 39, 41 on which one or
more sensors 46, 48 (generally referenced in FIG. 4B)
positioned on or about the respective sizer 38, 40. In
some embodiments, the sizers 38, 40 are further config-
ured to determine the distance between the proximal and
distal sizers 38, 40. Alternatively, the distance between
the sizers 38, 40 is adjustable via the handle assembly
32 so that the distance between the sizers 38, 40 is de-
terminable or known based on a user selected distance.
For example, the distal sizer can be secured to a first
catheter positioned within a second catheter (see also,
FIGS. 7A-7D) and the handle assembly can be config-
ured to change the position of the first catheter with re-
spect to the second catheter, thus adjusting the position
of the distal sizer with respect to the proximal sizer.
[0018] The sensors 46, 48 can be configured to obtain
information regarding properties and characteristics of
the lumen 10 that can be useful in determining an appro-
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priately sized prosthetic heart valve or other prosthesis.
In one non-limiting example, the sensors 46, 48 can in-
clude multiple electrodes positioned around the respec-
tive ring 39, 41 that are configured to measure the im-
pedance between electrodes to determine when the sizer
38, 40 is positioned against tissue defining the lumen 10.
For example, if the ring 39, 41 has a diameter such that
it is surrounded by blood flow and not against tissue de-
fining the lumen 10, an impedance measurement ob-
tained by the electrodes may be low and when the elec-
trodes of the sizer 38, 40 are in firm contact with tissue
defining the lumen 10, the impedance measurement ob-
tained by the electrodes may be higher. In this way, the
diameter of the ring 39, 41 can be expanded until the ring
39, 41 is against tissue defining the lumen 10, thus indi-
cating a diameter of the lumen 10 at that location. The
sensors 46, 48 can also be configured to provide position-
indicating information to assist a mapping process for
determining the topography of the lumen 10. In further
example embodiments, the sensors 46, 48 can include
piezoelectric sensors, optical sensors, electromagnetic
sensors, capacitive sensors and the like. The disclosed
embodiments are not intended to be limited to the use of
any particular sensor as there are many types of sensors
that can suitably obtain useful information regarding a
lumen.
[0019] The handle assembly 32 can be of a variety of
configurations suitable for directing the catheter assem-
bly 34 through a bodily lumen, such as through a femoral
vein to a pulmonary artery or the like. The handle assem-
bly 32 can further be configured to transition the sizers
38, 40 from a delivery position (FIG. 4A) in which the
rings 39, 41 are compressed or unexpanded for ease of
delivery, into a deployed position (FIG. 4B), in which the
rings 39, 41 are expanded to contact tissue of the lumen
to be sized. In one example embodiment, a first control
60 is configured and arranged to adjust and indicate the
expansion or perimeter of the distal ring 41, a second
control 62 is configured and arranged to adjust and indi-
cate the distance between the proximal and distal sizer
38, 40 and a third control 64 is configured and arranged
to indicate and adjust the expansion or perimeter of the
proximal ring 39. The controls 60-64 may be configured
to be actuated by advancing the respective control 60-64
with respect to a body 66 of the handle assembly 32. In
this way, all controls 60-64 can be operated independ-
ently of one another. The handle assembly 32 can include
one or more ports 68 interconnected for the injection of
contrast material and/or for connection to one or more
inflation sources (not shown) to inflate a temporary valve,
the sizer 38 and/or the sizer 40 as will be discussed in
detail below.
[0020] Optionally, the sizing catheter 30 can further in-
clude a temporary prosthetic valve 70 (schematically
shown). In some embodiments, the temporary prosthetic
valve 70 is positioned on the catheter assembly 34 be-
tween the proximal and distal sizers 38, 40. In other al-
ternate embodiments (not shown), either the proximal

sizer or the distal sizer 38, 40 can include a valve structure
including valve leaflets (similar or identical to the struc-
ture of 70 shown in greater detail in FIGS. 5A-5D) so that
when in the deployed, expanded position, the respective
sizer 38, 40 functions also as a temporary prosthetic
valve. In this way, the valve structure would be provided
within one respecting ring 39, 41.
[0021] If the optional temporary prosthetic valve 70 is
provided separate from the sizers 38, 40, the temporary
prosthetic valve 70 can be of the configuration shown in
FIGS. 5A-5D. The temporary prosthetic valve 70 of this
embodiment includes a cylindrical wall 72 defining a hol-
low core 73. The wall 72 can be inflated with fluid or gas
via one or more inflation ports 74 that can be fluidly con-
nected to the inflation source (not shown) via the port 68
of the handle assembly 32. For example, the port 68 can
be connected to a conduit (not shown) that is routed with-
in the catheter assembly 34, which extends to the port
68 of the handle assembly 32 for connection to the infla-
tion source via the port 68. In this embodiment, the tem-
porary prosthetic valve 70 includes three hollow supports
76 fluidly connected with and extending between the cy-
lindrical wall 72. In one embodiment, the temporary pros-
thetic valve 70 includes three supports 76 with one sup-
port 76 positioned at each end of the temporary prosthetic
valve 70 and one support 76 positioned near a middle of
the temporary prosthetic valve 70. Each support 76 in-
cludes three inflation channels 78 evenly spaced 120 de-
grees from each other that extend radially from the cy-
lindrical wall 72 to a center axis 75 of the cylindrical wall
72 where the three inflation channels 78 intersect. This
arrangement, although not required, provides generally
even inflation of the cylindrical wall 72. The cylindrical
wall 72 further supports a valve structure 80 having leaf-
lets 82, which become functional once the cylindrical wall
72 is at least partially inflated (e.g., about 60% or more
inflated). In other words, upon partial inflation of the cy-
lindrical wall 72, the forward blood flow will push the leaf-
lets 82 open and the leaflets 82 will proceed to function
similar to a native heart valve for as long as the cylindrical
wall 72 remains at least partially inflated. The inflation
channels 78 are configured as to not substantially ob-
struct blood from through the temporary prosthetic valve
70. The inflation channels 78 can further be configured
to provide the leaflets 82 with backward flow resistance.
For example, one support 76 can be positioned proxi-
mate the leaflets 82 as is best shown in FIG. 5A. The
leaflets 82 can be made via dip coating, extrusion or the
like and the valve structure 80 can be attached to the
cylindrical wall 72 with heat or glue bonding, for example.
[0022] The proximal and distal sizers 38, 40 can take
a variety of configurations suitable for determining prop-
erties of the lumen 10. In some embodiments, as shown
in FIG. 6, a sizer 38’ can include a ring 39’ being an
expandable mesh case made of nitinol or other suitable
material. The sizer 38’ can be actuated and include one
or more sensors (not shown) in the same way as dis-
closed with respect to the sizers 38, 40. In some embod-
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iments, the sizers may be inflatable. For example, each
sizer can be a balloon and can include a valve structure
including valve leaflets, substantially similar to the tem-
porary prosthetic valve 70, which can be delivered in a
deflated, unexpanded position and then inflated via the
port 68 of the handle assembly 32 to expand against the
respective tissue at a target site. The inflation can be set,
for example, to mirror the force that would be applied by
a prosthetic heart valve. In some embodiments, the siz-
ers differ in size but are otherwise similarly configured.
In other embodiments, the sizers differ both in size and
configuration. In other embodiments the sizers and rings
can be mechanically actuated devices, such as a ring or
a hoop having a diameter that is adjustable. In the dis-
closed embodiments, the sizers are configured as to gen-
erally not obstruct blood flow if the sizers are positioned
in a vascular lumen such as an artery or vein, for example.
[0023] Referring now also to FIGS. 7A-7E, which illus-
trate one alternate catheter assembly 134 that can be
used with the disclosed sizing catheters, such as the siz-
ing catheter device 34 of FIGS. 4A-4B. In this embodi-
ment, the catheter assembly 134 includes first and sec-
ond catheters 136a-b as well as proximal and distal sizers
138, 140. The first and second catheters 136a-b are co-
axially aligned and sized such that the second catheter
136b is smaller than and fits within the first catheter 136a.
In this way, the distance between the proximal and distal
sizers 138, 140 can be varied by adjusting the position
of the second catheter 136b with respect to the first cath-
eter 136a. In this embodiment, each sizer 138, 140 has
both a delivery and a deployed position. The delivery
position generally corresponds with delivery of the sizers
138, 140 through the vasculature and the deployed po-
sition generally corresponds with the process of obtaining
information regarding the lumen of interest. In the deliv-
ery position, the respective sizer 138, 140 is positioned
within one or more catheters 136a-b. In the deployed or
at least partially-deployed position, the respective sizer
138, 140 extends radially outward from at least one of
the catheters 136a-b. Each of the sizers 138, 140 may
include one or more sensors 146, 148 (schematically
shown in FIG. 7A) coupled to or otherwise integrated
within the hoop material of the sizer 138, 140 at various
points so that they are capable of contacting and obtain-
ing information from adjacent patient tissue. The sensors
146, 148 can be of any of the type disclosed herein and
can be evenly spaced around the periphery of the sizer
138, 140 and/or can be provided in a matrix around the
sizer 138, 140, as desired.
[0024] FIG. 7A illustrates the catheter assembly 134
in a delivery position. FIG. 7B illustrates a proximal sizer
138 of the catheter assembly 134 partially deployed (ex-
panded) and extending radially from the first and second
catheters 136a-b at a terminal end of the first catheter
136a. FIG. 7C illustrates the catheter assembly 134 with
the proximal sizer 138 partially deployed and the distal
sizer 140 extending radially from a distal end of the sec-
ond catheter 136b and partially deployed (expanded).

FIG. 7D illustrates the catheter assembly 134 with the
proximal sizer 138 fully deployed (expanded) and the dis-
tal sizer 140 partially deployed. FIG. 7E illustrates both
sizers 138, 140 being fully deployed.
[0025] Additional aspects of the disclosure include
methods and software for: 1) automatic patient screen-
ing; and/or 2) pre-operative planning of a stented pros-
thesis ("device") such as any of those disclosed above.
Specifically, the method of FIG. 8 begins by obtaining
pre-operative images of the anatomy (e.g., a pulmonary
artery) in which the stented prosthesis is to be implanted.
The images can be obtained from a computed tomogra-
phy (CT) scan and/or a magnetic resonance (MR) scan
or the like, for example. The images are uploaded or oth-
erwise made accessible to a computer operating the soft-
ware. From that step, the images are collectively auto-
segmented using machine-learning (e.g. convolutional
neural networks (CNNs)). In this way, the images are
automatically segmented using machine-learning tech-
niques (e.g., more specifically deep learning using mul-
tiple CNNs). This process outputs 3D segmented volume
that is divided into different anatomical structures of in-
terest within the imaging volume (e.g., device landing
zone, anatomical structures and landmarks). For exam-
ple, the CNNs are trained for voxel-wise labeling of car-
diac images into structures such as right and left atriums
and ventricles as well as ascending aorta and main pul-
monary artery. During the auto-segmentation process,
bounding boxes are positioned around a target zone of
the image. Automatic threshold calculation to identify the
anatomy of interest from the background and segmen-
tation of the target zone are conducted in any known
manner to achieved desired contrast. In some methods,
manual supervision of any or all of the software decisions
(e.g., identification of landmarks) is used to confirm ac-
curacy. Alternatively, if physical dimensions of the ana-
tomical structure of interest are known because they
were physically measured, for example, with one of the
above-referenced devices or the like, the physical meas-
urements can be inputted into the software as an alter-
native to, or in addition to, uploading images for modeling
and device fit testing.
[0026] Next, the software conducts automatic virtual
device geometrical fit testing. Particularly, the software
conducts an automatic interactive device-based analysis
performing device-versus-anatomy geometrical compar-
ison at different device landing scenarios (e.g., variety of
device landing zone locations and/or axis orientations).
This provides evaluation of factors such as oversizing,
gap and fit of one or more devices with respect to the
modeled patient anatomy. The software is configured to
evaluate a plurality of devices for device position and,
also, vectors (i.e. device axis angle). In additional refer-
ence to FIG. 9A, the software begins with a three-dimen-
sional image (i.e. the segmented model) of the patient
anatomy. With additional reference to FIG. 9B, the soft-
ware automatically identifies/generates a centerline with-
in an interior of the modeled anatomy. Then, with addi-
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tional reference to FIG. 9C, the software optionally dilates
the centerline. The ratio of dilation is selected with respect
to the anatomical size and uncertainty of the centerline
calculation. For example, the centerline can be optionally
dilated to about 10% of the maximum anatomical lateral
size. However, the ratio of dilation may be less or greater,
as desired.
[0027] With additional reference to FIGS. 9D and 10,
the software identifies landing zone or deployment posi-
tions of the device upon implantation. This step is con-
ducted using the following data: (1) the geometry of the
device (e.g., length DL as shown in FIG. 10); (2) previ-
ously identified anatomy landmarks/structures; and (3)
the restriction criteria on landing zone, possibly obtained
from device instructions for use, (such instructions can
include, for example, that the device should not stick into
the right ventricle for pulmonary heart valve replacement,
the device should not go deeper than a certain length
below the annulus for aortic valve replacement (e.g., to
prevent the possibility of heart block), the device should
not go as high as covering the entire sinuses for aortic
valve replacement (e.g., to prevent the possibility of cor-
onary obstruction)). See for example, Aortic Position
Condition 1 (ΔL1 +Δr1 ≤ DL) and Aortic Position Condition
2 (L2 ≥ Δr2) of FIG. 10. These potential considerations
provide limitations for the software to filter out acceptable
position coordinate candidates ("candidate points") from
the dilated centerline points CL. The present disclosure
is not intended to be limited to any particular combination
of considerations. One example of this process and
method is outlined for both aortic and pulmonic portions
of the anatomy in FIG 10.
[0028] With further reference to FIGS. 9E-9F, the soft-
ware additionally establishes a range of device axis op-
tions. The range of device axis options is calculated by
the software from the centerline, a curved centerline ex-
periences a range of tangential vectors (orientation vec-
tors) along its curvature. The software calculates those,
and adds a margin (e.g. 6 5-10 degrees in 3D) to mini-
mize the effect of centerline calculation uncertainty.
[0029] It will be understood that the determinations
made in FIGS. 9A-9F can be made concurrently or se-
quentially in an order that differs from the order of the
presented figures. Overall this aspect of the software: (1)
takes in a 3D reconstructed geometry (segmented ge-
ometry) of the anatomical landing zone (e.g., main pul-
monary artery from RVOT to bifurcation for pulmonic
valve, from LVOT to arch of the aorta, ascending aorta,
for an aortic valve); (2) calculates the centerline of the
anatomy and dilates the centerline; (3) identifies the co-
ordinates of location candidates (for a point of reference
on the device, e.g. distal end) and device orientation; (4)
scores each landing candidate point (a combination of
device location and orientation) and comparatively iden-
tifies the best. The software, also, optionally provides a
manual user interface environment for landing zone eval-
uations. More specifically, through a graphic user inter-
face (GUI) the user could overlay the device on anatomy

in 3D at several desired implant scenarios (locations and
axes). The software, then, provides device-based fit
score and fit analysis (e.g. perimeter profile of the device
versus that of the anatomy) for those manual implanting
inputs.
[0030] Once potential device landing or deployment
positions and device axis orientations are determined,
the software is programmed to iteratively compare the
implant scenarios for each, or at least a plurality of, po-
tential devices. By analyzing fit criteria as generally out-
lined in FIG. 11(a) (e.g., perimeter difference, overlap
area, geometrical gap and oversizing "OS" ratio (e.g.,

 , where P(A) and P(D) represent
anatomy and device perimeters on the same plane (i))
at several levels/planes/obliques/slices of device/anato-
my or the like) at a plurality of cross-sectioned loca-
tions/"segments", the software determines a fit score FS
for each device implant scenario. Each "perimeter" P(A)
and P(D) represents a maximum width of the anato-
my/device at particular locations along a length of the
device DL or anatomy, as can generally be seen in FIG.
11(a). Each fit score FS for this illustrative embodiment
is the addition of measured sealing levels/locations (e.g.
Si = 1, 2, 3 representing regions of inflow, valve housing,
and outflow) along the length of the device DL as virtually
implanted. Sj at distal and proximal sealing levels can be
programmed to be assigned as follows. Sj=1 if at least
one OSi is greater than or equal of flow% ≤ OS ≤fhigh%
(wherein f% is acceptable oversizing ratio, which is pro-
vided in instructions for use ("IFU")/implant protocol of
the device use). This ratio should not be higher than cer-
tain level to avoid structural failure and should not be
below a certain % to avoid risk of migration or paraval-
vular leakage). If not, Sj= -1. For levels of no compression
(e.g. valve housing in prosthetic heart valves), Sj = 1 if
OS ≤ ff% (wherein ff% is acceptable oversizing limit,
which is provided in instructions for use ("IFU")/implant
protocol of the device use) for all; else Sj = -1. In the case
of a device with three critical levels (i.e. Sj = 1, 2, 3 repre-
senting regions of inflow, valve housing, and outflow), if
the fit score FS is greater than or equal to 2, the software
determines that the device is not suitable for the patient.
If the fit score FS is equal to 3, the device is a candidate
and will be analyzed by a biomechanical interaction mod-
ule of the software. Once each implant scenario fit score
FS is determined, the fit scores FSx,y,...n (n represent the
number of implant scenarios) FIGS. 11(a)-11(b) are
ranked (i.e. compared) to identify one or more of the top
scoring (i.e. best) candidates for implant, device position
and corresponding device axis. As shown in FIG. 11(b)
for purposes of illustration, FSx is compared to FSy. It will
be understood, however, that there is no intended limit
to the number of fit scores that can be compared and
ranked. In various embodiments, the top scoring candi-
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dates will all be analyzed by a biomechanical interaction
module of the software.
[0031] The biomechanical interaction module is pro-
grammed to predict and evaluate the biomechanical in-
teraction between the device and the host anatomy. One
main purpose of biomechanical interaction analysis in-
cludes providing insights into the interaction between de-
vice and specific patient anatomy - preoperatively. Such
insights are believed to have tremendous power to ac-
celerate research and development of novel valve-based
solutions, as well as ultimately improve clinical outcomes
in real-world hospital settings. In addition, another pur-
pose is to more accurately predict the oversizing, optimal
landing zone, with respect to migration, paravalvular
leakage, etc. Currently, biomechanical interaction is per-
formed through bench testing or computational modeling
(e.g. finite element analysis (FEA)). These methods re-
quire validation on how well they replicate the real situ-
ations. For example, the computational modeling is, spe-
cifically, computationally expensive and time consum-
ing.. These approaches require user mechanical exper-
imental or modeling expertise, accurate material proper-
ties and boundary condition evaluations.
[0032] Biomechanical interaction between an implant-
able device and patient anatomy is predicted in the
present embodiments through a data-driven predictor
model of the biomechanical interaction module. The
model is a supervised machine learning model that is
developed using pre- and post- implant data, provide post
implant shape and performance through a real time bio-
mechanical interaction predictor. As is generally illustrat-
ed in FIG. 12, a device frequently has one shape pre-
implantation (shown on left) that differs substantially from
a shape of the device once implanted (shown implanted
in a translucent vessel on right) due to competing force
exertions between the device and the host vessel anat-
omy. The biomechanical interaction module is configured
to anticipate, or at the very least estimate, the interaction
between devices and the host anatomy to inform the phy-
sician on oversizing, implanted landing zone, possible
paravalvular leakage and so on. This provides important
information to avoid improper oversizing, potential mi-
gration, and valve leakage and selecting a device that is
too long or otherwise in appropriately configured for the
particular anatomy upon implantation.
[0033] Referring now also to FIGS. 13(a)-13(b), one
model for predicting the biomechanical interaction be-
tween the device and the host anatomy (compliance and
deformation) is summarized as follows: h (D,A↔D∗, A∗).
Di and Ai represent device and anatomy geometrical pa-
rameters/factors/identifiers (including, but not limited to,
cross-sectional maximum and minimum diameters,
cross-sectional perimeter derive diameter, cross-sec-
tional area, curvature, cross-sectional ellipticity, and
etc.), at device i respectively. Notably, D∗

i and A∗
i repre-

sent the corresponding post-implant pairs. In this ap-
proach or technique: first the device and anatomy ge-
ometries are parameterized into defining parameters for

landing zone candidates (estimated in the last step (FIG.
13(a)). The defining parameters are characterized at sev-
eral levels along a length of the device (FIG. 13(a)), and
include factors (such as cross-sectional maximum and
minimum diameters, cross-sectional perimeter derive di-
ameter, cross-sectional area, curvature, cross-sectional
ellipticity, and etc.) that are measured for anatomy on
device based planes of a landing zone candidate for crit-
ical phases, or all phases, of the cardiac cycle (e.g. sys-
tole and diastole, this depends on device instructions for
use and characterization/screening protocol). The trans-
fer function, h (FIG. 13(b)), (or as called in machine learn-
ing: hypothesis) then predicts corresponding parameters
of post-implant space.
[0034] The biomechanical interaction predictive
model ,i.e. h, is formed from using a supervised machine
learning approach or technique trained with existing da-
tasets that include both pre- and post- implant. Specifi-
cally, the parameterized pre- and post- implant datasets
are used for training the algorithm. The trained model,
then, is capable of mapping the pre-implant parameters
of a new patient to those of the post-implant. Modeling
begins with identifying anatomy and device geometrical
parameters at various points/levels along a length of the
device, and slightly beyond it (e.g., 10% of device length
on both proximal and distal ends of the device), to be
implanted (FIG. 13(a)). At this stage, i.e. FIG. 13(b) "pre-
implant", no account is made for the biomechanical in-
teraction between the device and the anatomy. There-
fore, it is likely that if the device is implanted in the mod-
eled anatomy, the final result will not resemble what is
illustrated. FIG. 13(b) "post-implant" illustrates an exam-
ple of how both the device and the modeled anatomy are
predicted to generally look given biomechanical interac-
tion between the device and the anatomy (i.e. D∗

i-D∗
n;

A∗
1-A∗

n).
[0035] Various models can be prepared for determin-
ing the biomechanical interaction between the implanted
device and the anatomy (D’1-D’n; A∗

1-A∗
n). In one sim-

plified example, FEA can be implemented for each pa-
tient. Alternatively, machine learning can be incorporated
using existing pre versus post implant CT/MR imaging
data that is collected and entered into the software. In
this software, the computational modeling and experi-
mentations (e.g. FEA, animal model, cadaver studies,
and bench testing) are used to extend the number of
dataset with both pre- and post-implant. For example,
FEA is used to extend pre to post prediction to those in
which only pre-implantation data is available. It is noted
that the number of cases to span the space when FEA
is used to extend pre to post implantation prediction to
those with only pre-implantation data are selected to rep-
resent the patient population, e.g. both extreme and av-
erage geometrical features that could be identified using
geometrical model analysis (e.g., statistical shape mod-
eling "SSM"). modal analysis (e.g., statistical shape mod-
eling "SSM"). Finally the training dataset, representing
the target population, could include one or both of the
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following categories: (1) in-vivo/in-vitro measurements
(pre and post implant CT/MR images); and (2) computa-
tionally modeled cases (on both patient-specific anato-
mies, or virtually generated anatomies).
[0036] After modeling all implant scenarios post im-
plantation (i.e. given the predicted biomechanical inter-
action using trained model, i.e. h) the implant scenarios
are scored and ranked. The software then outputs rec-
ommendations on, device (model/size) as well as a sug-
gested optimal position or zone for implantation including
an implant position and device axis orientation. As de-
sired and based on the results of the analysis conducted
by the software, more than one device may be recom-
mended. In addition, the software provides assessments
on post-implant risks (e.g. paravalvular leak (PVL), struc-
tural failure, device migration and etc.) through biome-
chanical predictive model.
[0037] In view of the above, one embodiment of the
present disclosure includes a method of deploying a
prosthesis or device (e.g., a heart valve prosthesis) within
a lumen of a patient’s anatomy (e.g., a pulmonary artery).
The method comprises the delivery of a distal portion of
a lumen sizing catheter device, such as any of those dis-
closed above, to a target site within the lumen. As de-
scribed above with respect to various embodiments, the
lumen sizing catheter device includes a handle assem-
bly, a catheter extending from the handle assembly, a
distal portion comprising a distal sizer positioned on the
catheter proximal a distal end of the catheter, and a prox-
imal sizer positioned on the catheter and spaced proxi-
mally from the distal sizer. The proximal and distal sizers
are delivered to the target site within the lumen. The prox-
imal and distal sizers are used to determine a first lumen
dimension proximate the distal sizer and a second lumen
dimension proximate the proximal sizer. In addition, the
distance between the distal and proximal sizers is deter-
mined. Based on the first and second lumen dimensions
as well as the distance between the sizers is used to
create a three-dimensional model of the target site of the
lumen as also described above. Based on the three-di-
mensional model, a plurality of potential prosthesis de-
ployment positions and axis orientations relative to the
lumen is determined. A geometric fit analysis is then per-
formed by iteratively comparing the geometry of a plu-
rality of differently sized prostheses to the plurality of po-
tential prosthesis deployment positions and axis orienta-
tions to thereby identify one or more appropriately sized
prostheses based on one or more geometric fit parame-
ters (as discussed above). A biomechanical interaction
analysis is then performed in the manner disclosed above
between the one or more appropriately sized prostheses
and the patient’s anatomy to select a properly sized pros-
thesis for implantation within the lumen. The properly
sized prosthesis is then implanted or deployed within the
lumen. In various embodiments, the proximal sizer is ad-
justably spaced from the distal sizer (e.g., see the em-
bodiment of FIGS. 7A-7E and related disclosure). In var-
ious embodiments, the distal and proximal sizers are con-

figured to determine first and second dimensions of the
lumen at a selected distance between the distal and prox-
imal sizers (e.g., see the embodiment of FIGS. 7A-7E
and related disclosure). In various embodiments, the dis-
tal and/or proximal sizers include a hoop having an ad-
justable diameter (e.g., see the embodiment of FIGS. 7A-
7E and related disclosure). In various embodiments, in
a deployed position, the distal sizer and the proximal sizer
are different sizes (e.g., see the embodiments of FIGS.
4B and 7D and related disclosure). In various disclosed
embodiments, the distal sizer is spaced from the proximal
sizer between about 5 and about 100 mm. In various
embodiments, the distal and/or proximal sizers are inflat-
able. In various embodiments, the distal and/or proximal
sizers are adjustable in diameter via the handle assembly
(e.g., see the embodiments of FIGS. 4B and 7D and re-
lated disclosure). In various embodiments, the distance
between the sizers is adjustable independent of adjust-
ment of a diameter of the proximal or distal sizer (e.g.,
see the embodiments of FIGS. 4A and 7A and related
disclosure). In various embodiments, the distal and/or
proximal sizers include a valve structure as discussed
above. In various embodiments, the distal and proximal
sizers include a lumen to allow for blood flow through the
distal and proximal sizers (e.g., see the embodiments of
FIGS. 4A and 7A and related disclosure). In various em-
bodiments, the lumen sizing catheter device further com-
prises a prosthetic valve positioned on the catheter be-
tween the distal sizer and the proximal sizer as discussed
above. In various embodiments as described above, at
least one of the proximal and distal sizers includes a sen-
sor selected from the group consisting of a mechanical
sensor and an impedance sensor. In various embodi-
ments, the proximal sizer is adjustably spaced from the
distal sizer as described above. In various embodiments
as described above with respect to FIGS. 8-13(b), CT or
MR imaging data of a portion of the patient’s anatomy
including the lumen can be used to create or help create
a three-dimensional model of the patient’s anatomy in-
cluding the lumen. In various embodiments, the three-
dimensional model of the target site of the lumen includes
the use of images from one or more imaging techniques
of the patient’s anatomy as described above. In various
embodiments, one or more data-driven machine learning
techniques can be used in one or more analyses as de-
scribed above with respect to FIGS. 8-13(b). In various
embodiments, FEA can be used in one or more analyses
as disclosed with respect to FIGS. 8-13(b). In various
embodiments, statistical shape modeling can be used in
one or more analyses as disclosed with respect to FIGS.
8-13(b). In various embodiments, an optimal prosthesis
or device deployment position and axis orientation within
the lumen is determined as described above. In various
embodiments, a prosthesis is selected for implantation
or deployment within the lumen in an optimal position
and axis orientation as determined by one or more anal-
yses described above with respect to FIGS. 8-13(b).
[0038] Although the embodiments disclosed above are
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most frequently discussed in the context of assessing
the parameters of a pulmonary artery, it is to be under-
stood that the embodiments disclosed herein can be ap-
plied to devices for sizing other bodily lumens or orifices.
[0039] Although the present disclosure has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes can be
made in form and detail without departing from the scope
of the present disclosure.

Claims

1. A sizing catheter (30) including:

a handle assembly (32);
a catheter (34, 134) extending from the handle
assembly (32);
a distal sizer (40, 140) positioned on a distal end
of the catheter (34, 134), wherein the distal sizer
(40, 140) is configured to conform to a first por-
tion of a lumen (10) of a patient’s anatomy; and
a proximal sizer (38, 138) positioned on the cath-
eter (34, 134) and adjustably spaced from the
distal sizer (40, 140), wherein the proximal sizer
(38, 138) is configured to conform to a second
portion of the lumen (10); wherein the distal and
proximal sizers (38, 40, 138, 140) are configured
to determine first and second dimensions of the
lumen (10) at a selected distance between the
distal and proximal sizers (38, 40, 138, 140).

2. The sizing catheter of claim 1, wherein the distal or
proximal sizer (138, 140) includes a hoop having an
adjustable diameter.

3. The sizing catheter of claim 1, wherein the distal or
proximal sizer (38, 40, 138, 140) includes a cage.

4. The sizing catheter of claim 1, wherein, in a deployed
position, the distal sizer (38, 40, 138, 140) and the
proximal sizer (38, 138) are different sizes.

5. The sizing catheter of claim 1, wherein the distal sizer
(40, 140) is spaced from the proximal sizer (38, 138)
between about 5 and about 100 mm.

6. The sizing catheter of claim 1, wherein the distal or
proximal sizers (38, 40, 138, 140) are inflatable.

7. The sizing catheter of claim 1, wherein the distal or
proximal sizer (38, 40, 138, 140) is adjustable in di-
ameter via the handle assembly (32).

8. The sizing catheter of claim 7, wherein the distance
between the sizers (38, 40, 138, 140) is adjustable
independent of adjustment of a diameter of the prox-
imal or distal sizer (38, 40, 138, 140).

9. The sizing catheter of claim 1, wherein the distal or
proximal sizer (38, 40, 138, 140) includes a valve
structure (80).

10. The sizing catheter of claim 9, wherein the valve
structure (80) includes valve leaflets (82) and an in-
flatable hollow core wall (72) supporting the valve
leaflets (82).

11. The sizing catheter of claim 10, further comprising a
plurality of inflation channels (78) in fluid communi-
cation with the hollow core wall (72).

12. The sizing catheter of claim 11, wherein the inflation
channels (78) extend radially from a center axis of
the respective distal or proximal sizer (38, 40, 138,
140).

13. The sizing catheter of claim 1, wherein the distal and
proximal sizers (38, 40, 138, 140) include a lumen
to allow for blood flow through the distal and proximal
sizers (38, 40, 138, 140).

14. The sizing catheter of claim 1, further comprising a
prosthetic valve (70) positioned on the catheter (34,
134) between the distal sizer (40, 140) and the prox-
imal sizer (38, 138).

15. The sizing catheter of claim 1, wherein at least one
of the proximal and distal sizers (38, 40, 138, 140)
includes a sensor (46, 48, 146, 148) selected from
the group consisting of a mechanical sensor and an
impedance sensor.

Patentansprüche

1. Größenmesskatheter (30), der Folgendes beinhal-
tet:

eine Griffanordnung (32);
einen Katheter (34, 134), der sich aus der Grif-
fanordnung (32) erstreckt;
einen distalen Größenmesser (40, 140), der an
einem distalen Ende des Katheters (34, 134) po-
sitioniert ist, wobei der distale Größenmesser
(40, 140) konfiguriert ist, um sich an einen ersten
Abschnitt eines Lumens (10) einer Anatomie ei-
nes Patienten anzupassen; und
einen proximalen Größenmesser (38, 138), der
auf dem Katheter (34, 134) positioniert und von
dem distalen Größenmesser (40, 140) einstell-
bar beabstandet ist, wobei der proximale Grö-
ßenmesser (38, 138) konfiguriert ist, um sich an
einen zweiten Abschnitt des Lumens anzupas-
sen (10); wobei der distale und der proximale
Größenmesser (38, 40, 138, 140) konfiguriert
sind, um erste und zweite Abmessungen des
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Lumens (10) in einem ausgewählten Abstand
zwischen dem distalen und dem proximalen
Größenordnungen (38, 40, 138, 140) zu bestim-
men.

2. Größenmesskatheter nach Anspruch 1, wobei der
distale oder der proximale Größenmesser (138, 140)
einen Ring beinhaltet, der einen einstellbaren Durch-
messer aufweist.

3. Größenmesskatheter nach Anspruch 1, wobei der
distale oder der proximale Größenmesser (38, 40,
138, 140) einen Käfig beinhaltet.

4. Größenmesskatheter nach Anspruch 1, wobei in ei-
ner entfalteten Position der distale Größenmesser
(38, 40, 138, 140) und der proximale Größenmesser
(38, 138) unterschiedliche Größen aufweisen.

5. Größenmesskatheter nach Anspruch 1, wobei der
distale Größenmesser (40, 140) von dem proxima-
len Größenmesser (38, 138) zwischen etwa 5 und
etwa 100 mm beabstandet ist.

6. Größenmesskatheter nach Anspruch 1, wobei der
distale oder der proximale Größenmesser (38, 40,
138, 140) aufblasbar sind.

7. Größenmesskatheter nach Anspruch 1, wobei der
distale oder der proximale Größenmesser (38, 40,
138, 140) über die Griffanordnung (32) in einem
Durchmesser einstellbar ist.

8. Größenmesskatheter nach Anspruch 7, wobei der
Abstand zwischen den Größenmessern (38, 40,
138, 140) unabhängig von der Einstellung eines
Durchmessers des proximalen oder des distalen
Größenmessers (38, 40, 138, 140) einstellbar ist.

9. Größenmesskatheter nach Anspruch 1, wobei der
distale oder der proximale Größenmesser (38, 40,
138, 140) eine Klappenstruktur (80) beinhaltet.

10. Größenmesskatheter nach Anspruch 9, wobei die
Klappenstruktur (80) Klappensegel (82) und eine
aufblasbare hohle Kernwand (72) beinhaltet, die die
Klappensegel (82) trägt.

11. Größenmesskatheter nach Anspruch 10, der ferner
mehrere Aufblaskanäle (78) in Fluidverbindung mit
der hohlen Kernwand (72) umfasst.

12. Größenmesskatheter nach Anspruch 11, wobei sich
die Aufblaskanäle (78) von einer Mittelachse des je-
weiligen distalen oder proximalen Größenmessers
(38, 40, 138, 140) radial erstrecken.

13. Größenmesskatheter nach Anspruch 1, wobei der

distale und der proximale Größenmesser (38, 40,
138, 140) ein Lumen beinhalten, um einen Blutfluss
durch den distalen und den proximalen Größenmes-
ser (38, 40, 138, 140) zu ermöglichen.

14. Größenmesskatheter nach Anspruch 1, der ferner
eine prothetische Klappe (70) umfasst, die auf dem
Katheter (34, 134) zwischen dem distalen Größen-
messer (40, 140) und dem proximalen Größenmes-
ser (38, 138) positioniert ist.

15. Größenmesskatheter nach Anspruch 1, wobei der
proximale und/oder der distale Größenmesser (38,
40, 138, 140) einen Sensor (46, 48, 146, 148) bein-
haltet, der aus der Gruppe ausgewählt ist, die aus
einem mechanischen Sensor und einem Impedanz-
sensor besteht.

Revendications

1. Cathéter de dimensionnement (30) comportant :

un ensemble poignée (32) ;
un cathéter (34, 134) s’étendant depuis l’ensem-
ble poignée (32) ;
un dispositif de dimensionnement distal (40,
140) positionné sur une extrémité distale du ca-
théter (34, 134), le dispositif de dimensionne-
ment distal (40, 140) étant conçu pour se con-
former à une première partie d’une lumière (10)
de l’anatomie d’un patient ; et
un dispositif de dimensionnement proximal (38,
138) positionné sur le cathéter (34, 134) et es-
pacé de manière réglable du dispositif de dimen-
sionnement distal (40, 140), le dispositif de di-
mensionnement proximal (38, 138) étant conçu
pour se conformer à une seconde partie de la
lumière (10) ; les dispositifs de dimensionne-
ment distal et proximal (38, 40, 138, 140) étant
conçus pour déterminer des première et secon-
de dimensions de la lumière (10) au niveau
d’une distance sélectionnée entre les dispositifs
de dimensionnement distal et proximal (38, 40,
138, 140).

2. Cathéter de dimensionnement selon la revendica-
tion 1, le dispositif de dimensionnement distal ou
proximal (138, 140) comportant un anneau ayant un
diamètre réglable.

3. Cathéter de dimensionnement selon la revendica-
tion 1, le dispositif de dimensionnement distal ou
proximal (38, 40, 138, 140) comportant une cage.

4. Cathéter de dimensionnement selon la revendica-
tion 1, dans une position déployée, le dispositif de
dimensionnement distal (38, 40, 138, 140) et le dis-
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positif de dimensionnement proximal (38, 138) étant
de tailles différentes.

5. Cathéter de dimensionnement selon la revendica-
tion 1, le dispositif de dimensionnement distal (40,
140) étant espacé du dispositif de dimensionnement
proximal (38, 138) entre environ 5 et environ 100
mm.

6. Cathéter de dimensionnement selon la revendica-
tion 1, les dispositifs de dimensionnement distal ou
proximal (38, 40, 138, 140) étant gonflables.

7. Cathéter de dimensionnement selon la revendica-
tion 1, le dispositif de dimensionnement distal ou
proximal (38, 40, 138, 140) ayant un diamètre régla-
ble par l’intermédiaire de l’ensemble poignée (32).

8. Cathéter de dimensionnement selon la revendica-
tion 7, la distance entre les dispositifs de dimension-
nement (38, 40, 138, 140) étant réglable indépen-
damment du réglage d’un diamètre du dispositif de
dimensionnement proximal ou distal (38, 40, 138,
140).

9. Cathéter de dimensionnement selon la revendica-
tion 1, le dispositif de dimensionnement distal ou
proximal (38, 40, 138, 140) comportant une structure
valvulaire (80).

10. Cathéter de dimensionnement selon la revendica-
tion 9, la structure valvulaire (80) comportant des
feuillets valvulaires (82) et une paroi de noyau creux
gonflable (72) supportant les feuillets valvulaires
(82).

11. Cathéter de dimensionnement selon la revendica-
tion 10, comprenant en outre une pluralité de canaux
de gonflage (78) en communication fluidique avec
la paroi de noyau creux (72).

12. Cathéter de dimensionnement selon la revendica-
tion 11, les canaux de gonflage (78) s’étendant ra-
dialement à partir d’un axe central du dispositif de
dimensionnement distal ou proximal respectif (38,
40, 138, 140).

13. Cathéter de dimensionnement selon la revendica-
tion 1, les dispositifs de dimensionnement distal et
proximal (38, 40, 138, 140) comportant une lumière
pour permettre au sang de circuler à travers les dis-
positifs de dimensionnement distal et proximal (38,
40, 138, 140).

14. Cathéter de dimensionnement selon la revendica-
tion 1, comprenant en outre une valvule prothétique
(70) positionnée sur le cathéter (34, 134) entre le
dispositif de dimensionnement distal (40, 140) et le

dispositif de dimensionnement proximal (38, 138).

15. Cathéter de dimensionnement selon la revendica-
tion 1, le dispositif de dimensionnement proximal
et/ou distal (38, 40, 138, 140) comportant un capteur
(46, 48, 146, 148) choisi dans le groupe constitué
d’un capteur mécanique et d’un capteur d’impédan-
ce.
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